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(57) Abstract 

Process and plant (10) for conversion of plas- 
tic material waste (44) into combustible hydrocar- 
bons comprising dtermal separation, at about 450 
^C and ambient pressure, of said plastic material 
waste (44) and its transformation into liquid ma^ 
terial and then into combustible gaseous hydrocar- 
bons, expulsion of residual material consisting of 
heterogeneous impurities and separation in a cata- 
lyst (80). with AL«* salts, metal oxides. SiOs". of 
said gaseous hydro--carbons into a lesser quantity of 
gaseous hydrocarbons of small molecules such as 
CH4 and C4H10 and die like and in a greater quan- 
tity of liquid hydrocarbons consisting of a mixture 
of petrol and fUel oil. 
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10 Process and plant for converting waste plastic material into 
combustible hydrocarbons 

The invention concems conversion of urban and industrial waste 
plastic material into combustible hydrocarbons. 
It is well known that urban and industrial waste plastic material, 
15 such as bags and containers for food products as well as objects of 
plastic material in general, cannot be regenerated; this creates 
considerable problems of environmental pollution as well as econ- 
omic loss. 

The above process solves these problems applying a technology 
20 that will be described below. 

Subject of the invention is a process for converting waste plastic 
material into combustible hydrocark)ons, comprising: 
- separation by heat of said plastic waste into combustible gaseous 
hydrocartK>ns, 

25 - catalytic separation of said gaseous hydrocarbons into a lesser 
quantity of gaseous hydrocarbons of small molelcules like CH4,C4 
Hio and similar and into a greater quantity of liquid hydrocarbons 
consisting of a mixture of gasoline or petrol, and fuel oil. 
Thermal separation is obtained by continuous feed of the plastic 
30 material, following magnetic preselection by blasts of air or equi- 
valent means, into a main reactor, here called an oven, then 
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applying heat to liquify it and transformation of most of said liquid 
material into combustible gaseous hydrocarbons. 
The residual material is cyclically expelled from the bottom of the 
reactor by a specially designed discharger. 
5 The plastic material is put into the reactor by a feeder comprising a 
piston, thrust by a series of screws, that in turn, pushes a mass of 
plastic material through a narrow funnel, and a cooling means. 
A suitable space is allowed between the end of the piston stroke 
and the start of the funnel, in which space the mass of plastic 
10 material creates a kind of mobile plug which prevents the gaseous 
hydrocarbons from flowing out. 

The reactor is heated by placing it in an oven with a chamber in 
which hot air is produced by a burner; said hot air enters from 
below and is discharged at the top. 

15 A part of the liquid plastic, obtained by thermal separation, and the 
expelled residual material are cyclically transferred to a second 
reactor, here called a subsidiary reactor substantially similar to the 
main one, by a discharger situated loweer down so as to maintain 
the liquid in the main reactor at a constantly optimal level. 

20 The subsidiary reactor comprises a system of heating consisting of 
electromagnetic coils that surround its walls. 
In the reactors is a beater with an axial shaft at the lower end of 
which are blades, the shaft being connected uppermost to an 
electric motor. 

25 Temperature inside the reactors is maintained at about 450°C. 

Catalytic separation is obtained by putting gaseous hydrocarbons 
into a catalyst with salts of AL***, metal oxides, SiOg" and other 
similar products. 

The salts are placed in a group formed of several hundred tubes 
30 below which is a group of ceramic balls. 
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This catalyst is surrounded by an oven that maintains its tempera- 
ture at about 450°C. 

On leaving the catalyst the gaseous hydrocarbons are transferred 
to a separator of heavy hydrocarbons from which these latter return 
5 passing through a tube upstream of the catalyst while the light 
gaseous hydrocarbons are sent to a cooler. 

The greater part is condensed into liquid hydrocarbons formed of a 
mixture of petrol and fuel oil while the lesser quantity of gaseous 
hydrocarbons of small molecules, such as CH4 and C4H10 and the 

1 0 like, go to the oven surrounding the catalyst and are used to heat it 
Themnal separation can alternatively t>e obtained by continuous 
feed of the plastic material into what is here calied a tube reactor 
and heated to liquid form till most of said liquid is transformed into 
combustible gaseous hydrocarbons. 

15 In said reactor are two oblong substantially cylindrical chambers 
aligned one with the other. 

Inside said chambers and in line with their axis is a tubular shaft 
driven by an electric motor and surrounded by a pair of Archime- 
dean screv^, one in tiie upper chamber and one in the lower one 

20 from whose base the residual material is continually extracted. 

A heating system is provided consisting of three electromagnetic 
coils arranged in sequence and independent, two round the upper 
chamber, here called the fusion chamber, and one round the lower 
chamber, here called the separation chamber. 

25 Starting from the top of the reactor a temperature of about 200''C 
can thus be set at the first coil, a temperature of about 450-500°C 
at the third coil and an intermediate temperature at the second coil. 
The plastic material put in through a feeder at the top of the upper 
chamt>er is thus transformed into a liquid state and then, passing 

30 into the lower chamber, becomes gaseous, after which it is dis- 
charged in gaseous form, through devices at said lower chamber 
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and through said tubular shaft, from a mouth at the top. 

From there, through a tube, the gaseous hydrocarbons are taken to 

the catalyst \Arfiere the process already described is substantially 

repeated. 

5 Residual material is continually eliminated by a discharger at the 
base of the lower chamber 

Pressure inside the reactors is environmental pressure. 
The reactors can be heated by gas, fuel oil, or electromagnetic coils 
as the case may be. 
10 The described plant may function vertically, horizontally or at a 
certain angle. 

The invention offers evident advantages. 

The process here described requires no washing or crushing of the 
plastic waste and, since the conditions necessary for obtaining the 

15 reaction of thermal separation are simply atmospheric pressure, an 
environment with a low level of oxygen and a normal industrial 
temperature around 450''C, small quantities of paper, textile fabric 
and food can be eliminated together with other residual material 
such as dust and the like. 

20 Combined use of thermal separation and catalytic separation at 
normal pressure makes possible optimum recycling at a low cost 
Processing of urban waste t)ecomes a complete industrial cyde in 
which the non-regenerable plastic is transformed into an economic 
form of non-polluting energy that can also supply heat to other 

25 processes for utilising waste such as oven-drying of organic 
fertilizers. 

The technology here described thus provides an essential link to 
form a complete and perfect chain of industries dealing with waste. 
Characteristics and purposes of the disclosure will be made still 
30 clearer by the following examples of its execution illustrated by dia- 
grammatically drawn figures. 
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Figure 1. Diagram of the operational cycle of the Invented process. 
Rgure 2 Diagram of the plant for carrying out the process. 
Figure 3. Diagram of an alternative plant. 

The plant 10 comprises a reactor 1 1 . here called an oven reactor in 
5 which -themial separation" Is carried out. vyoth a chamber 12 in 
which is the beater 15 with its blades 16 supported by an axial shaft 
18 rotated by an electric motor 1 9. 

This reactor is inserted in the oven 30 comprising the heating 
chamber 31 which receives air heated by the flame bumer 40 
1 0 through a nozzle 33 at the level 32. 

The hot air emerges through the mouth 35 at the top of the 
chamber 31. 

After passing through a magnetic preselector 1. or being blown by 
a.r. the waste plastic Is introduced in a continuous manner Into the 
15 reactor 1 1 through the feeder 45 comprising an Archimedean screw 
46, a piston 47. a funnel 48 and a water cooler 49. 
During the feed movement, the piston 47 is pressed as far as the 
position seen in Rgure 2. 

Between the beginning of the funnel 48 and the piston 47 a dense 
>.o lump of plastic material 44 will thus be maintained forming a plug 
that prevents any outward flow of gaseous hydrocarbons. 
The plastic material Is kept at a certain level of temperature by the 
cooler 49. 

An hydraulic piston can be used in place of the screw 
Temperature of the hot air circulating In the oven is 650-700<>C 
ensunng a temperature of about 450«>C in the chamber 12 and this 
at environmental pressure, liquifies most of the plastic material 
About 70% Of the liquid plastic is transformed Into gaseous hydro- 
carbons of a molecular weight much lower than that of the plastic 
30 material ^ 

About 30% of the liquid plastic non transfom^ed Into hydrocarbons. 



25 
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together with remaining residual matter consisting of heterogen- 
eous impurities such as small pieces of paper, textiles, food, dust, 
burnt objects, earth and anything else, is cyclically sent through the 
discharger 50, with its downward rotating Archimedean screw 51 , to 

5 the lower end of the reactor, and from there through the duct 52 to 
the subsidiary reactor 60 where thermal separation is completed, in 
order to keep the liquid in the main reactor 1 1 at optimal level 38. 
On completing the discharging operation, the screw 52 rotates 
upwards and the bottom of the reactor 1 1 is closed. 

10 In the subsidiary reactor 60 is a chamber 61 to house the beater 70 
with shaft 71 and blades 72, driven by tiie electric motor 73. 
The chamber 61 is healed by a group 62 of eiectfomagnetie eoiis. 
at 45 kW for example, to keep its intennal temperature constant at 
about 450X 

15 Residue material is expelled tiirough the discharger 67 with its 
Archimedean screw 68. 

The gaseous hydrocarbons generated by the main reactor 1 1 arid 

by the subsidiary reactor 60 are sent through respective ducts 55 

and 75 to the catalyst 80. 
20 This catalyst is formed of a molecule filter 81 having 200-400 tubes 

containing inside them the catalysing product consisting of AL*** 

salts, metal oxides, SiOg" and tiie like. 

A group 83 of ceramic t>alls lie below the tubes. 

The catalyst separates the gaseous hydrocarbons into about 10% 
25 of small-molecule gaseous hydrocarbor^, such as CH4 and C4 H10, 

and irrto about 90% of gaseous hydrocarbons corisisting of a 

mixture of petrol and fuel oil. 

On leaving the catalyst 80 through the duct 85, the gaseous hydro- 
carboris are sent to the heavy oil separator 90. 
30 The light hydrocarbons in a gaseous state pass through the tube 91 
into the cooler 95 while a small quantity of heavy hydrocarbons 
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returns through tubes 92 and 75 to the catalyst 80. 
The lesser quantity of gaseous hydrocarbons of small molecules, 
like CH4 and C4H10, passes through tube 93 to the oven 94 
surrounding the catalyst 80 to make use of its thermal energy, while 

5 the greater quantity of light gaseous hydrocarbons liquifies forming 
a mixture of petrol and fuel oil utilizable through the duct 96. 
These are high quality hydrocarbons and can be used to produce 
pure petrol and fuel oil by sending them to the refinery as indicated 
by the arrow 97, or else they can be used immediately as indicated 

10 by the arrow 98, to supply heat for conversion into electric energy 
or for other purposes. 

The main thermal separation reactor 1 1 can supply the catalyst 80 

at a rate of between 3 and 1 0 tonnes per day. 

Every 6-8 hours a part of ttie liquid material is sent to the subsidiary 
15 reactor 60 and from there the gaseous hydrocarbons obtained are 

similarly transferred for about 8 hours to the catalyst 80. 

Rgure 3 illustrates an alternative to the oven-type reactor 11 

descrit)ed, namely a tube-type reactor 100 for thermal separation, 

comprising a chamber 101 and another chamber 102 below it 
20 connected by a duct 1 03. 

Inside there is the tubular shaft 1 1 of an axial beater 110 rotated by 

the eiectric motor 112. 

Inside the chamt>er 101, said shaft 111 supports the Archimedean 
screw 115, and a similar screw 116 inside the lower chamber 1 02. 

25 Around the chamber 101 is an electromagnetic coil 120 followed 
downward by the electromagnetic coil 121, while the electromag- 
netic coil 123 is placed round the chamber 102 underneath. 
In this way three areas of differing temperatures are created, vary- 
ing from about 200*" to 500°C starting from the first coil. 

30 The selected plastic material is continuously fed into the reactor 100 
through the feeder 1 30 and hopper 131. 
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The beater 110 slowly pushes the plastic material upwards in the 
reactor to the position of coil 1 20, 

On reaching the coil 121, all the material liquifies and at the area 
123, the effect of the temperature between 450** and 500°C initiates 
5 the process of thermal separation generating hydrocarbons in a 
gaseous state. 

Through devices 136 and through the tubular shaft 111, these 
hydrocarbons emerge from the mouth 140 and on to the catalyst 80 
through the duct 141. 
10 Residual material from thermal separation is slowly pushed to the 
bottom of the chamber 102 from where It is continuously expelled 
through the discharger 145 driven by the eiectric motor 146. 
Daily output Is t>etween 7.5 and 30 tonnes. 

As the description clearly explans, gas, combustible oils, electro- 
15 magnetic coils and other means can be used to heat the separating 
reactors 1 1 and the residual materials 60. 
Temperatures are comprised between 150"* and 900X. 
The plant described may operate vertically, horizontally or at a 
certain angle, as the case may require. 

20 
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Claims 

1 . Process for conversion of plastic material waste (44) into com- 
bustible hydrocarbons, 

characterized in that it comprises thermal separation of said plastic 
5 material waste (44) into gaseous combustible hydrocarbons, expul- 
sion of residual material consisting of heterogeneous impurities, 
and catalytic separation of said gaseous hydrocarbons into a lesser 
quantity of gaseous hydrocarbons of a small molecule such as CH4 
and C4 Hto and the like and into a greater quantity of liquid hydro- 
10 carbons consisting of a mixture of petrol and fuel oil. 

2. Process for conversion of plastic material waste (44) into com- 
bustible hydrocarbons as In claim 1 , 

characterized in that thermal separation is obtained by continuously 
feeding the plastic material (44), following magnetic preselection 

15 with blasts of air or equivalent means, into a main reactor (11) here 
called an oven reactor, provided with a heating system (30) and 
subjecting said plastic material (44) to heat until it is transformed 
into liquid material and transformation of the greater part of said 
liquid material into combustible gaseous hydrocarbons, the residual 

20 material being cyclically expelled from the base of the reactor (11) 
by a specially made discharger (50). 

3. Process for conversion of plastic material waste (44) irrto com- 
bustible hydrocarbons, as in claim 2, 

characterized in that the plastic material (44) is fed irrto the reactor 
25 (11) by a feeder (45) comprising a piston (47), thrust by a series of 
screws (46), that in turn pushes a mass of plastic material through 
a narrow funnel (48) and a cooling system (49), there being 
between the full stroke of \he piston (47) and the start of the funnel 
(48) an adequate space where the mass of plastic material (44) 
30 forms a kind of mobile plug the purpose of which is to prevent 
outflow of gaseous hydrocarbons. 
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4. Process for conversion of plastic material waste (44) into com- 
bustible hydrocarbons, as in claim 2, 

characterized in that the reactor (11) is heated by insertion inside 
an oven (30) having a chamber (31) heated by hot air produced by 
5 a flamer burner (40), said air entering low down in the chamber and 
being discharged at its top (35). 

5. Process for conversion of plastic material waste (44) into com- 
bustible hydrocarbons, as in claim 2, 

characterized in that a part of the liquid plastic material obtained by 
10 thermal separation and the expelled residual material are cyclically 
transfenred to a second reactor, here called a subsidiary reactor 
(60) substantially similar to the main reactor (11), by a discharger 
(67) situated lower down, so as constantly to maintain the liquid in 
the main reactor (1 1) at an optimal level (38). 
15 6. Process for conversion of plastic material waste (44) irrto com- 
bustible hydrocarbons, as in daim 5, 

characterized in that the subsidiary reactor comprises a heating 
system provided by electromagnetic coils (62) that surround its 
walls. 

20 7. Process for conversion of plastic material waste (44) into com- 
bustible hydrocarbons, as in claims 2 and 5, 
characterized in that the reactors (1 1 , 60) present a beater (15, 70) 
with an axial shaft (18, 71) that carries blades (16, 72) at its lower 
end and that is connected at the top to an electric motor (1 9, 73). 

25 8. Process for conversion of plastic material waste (44) into com- 
bustible hydrocarbons, as in claims 2 and 5, 
characterized in that temperature inside the reactors (1 1 , 60) is kept 
at about 450X: 

9. Process for conversion of plastic material waste (44) into com- 
30 bustible hydrocarbons, as in claim 1 , 
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characterized in that catalytic separation is obtained by feeding the 
gaseous hydrocarbons into a catalyst (80) containing salts of AL***, 
metal oxides. SiOg^and other similar products. 

10. Process for conversion of plastic material waste (44) into com- 
5 bustible hydrocarbons, as in claim 9, 

characterized in that the salts are placed in a group (83) of ceramic 
balls, said catalyst (80) being maintained at a temperature of about 
450°C by an oven (94) that surrounds it. 

11. Process for conversion of plastic material waste (44) into com- 
10 bustible hydrocarbons, as in claim 9, 

characterized in that, on leaving the catalyst (80), the gaseous 
hydrocarbons are transfenred to a separator (90) of heavy hydro- 
carbons from which said heavy hydrocarbons are returned, through 
suitable tubes (92, 75, 55) upstream of the catalyst (80) while the 

15 light gaseous hydrocartwns are transferred to a cooler (95) where 
the greater part is condensed into liquid hydrocarbons consisting of 
a mixture of petrol and fuel oil, the lesser quantity of gaseous 
hydrocart)ons of a small molecule, such as CH4 and C4H10 and the 
like, being transferred to the oven (94) surrounding the catalyst (80) 

20 to be used for heating it 

12. Process for conversion of plastic material waste (44) into com- 
bustible hydrocarbons as in claims 1 , 9, 1 1 , 

characterized in that thermal separation is obtained by continuously 
feeding the plastic material (44), after magnetic preselection with 
25 blasts of air or equivalent means, into a reactor (100), here called a 
tube reactor, with a heating system and subjecting said plastic 
material to heat until it liquifies and until most of this liquid material 
is transformed into combustible gaseous hydrocarbons, said reactor 
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(100) comprising two oblong substantially cylindrical and aligned 
chambers (101, 102), there being placed inside said chambers 
(101. 102) in line with their axis, a tubular shaft (111) driven by an 
electric motor (112) and surrounded by a pair of Archimedean 

5 screws (1 15, 1 16), one inside the upper chamber (101) through the 
top of which the plastic material is put in, and the other inside the 
lower chamber (102) from whose base (145) the residual material 
is continually extracted, there being a heating system consisting of 
three electromagnetic coils (120-122) an^anged in sequence and 

10 independent, two (120, 121) round the upper chamber (101), here 
called the fusion chamber, and one (122) round the second lower 
chamber (102) here called the separation chamber, it being thus 
possible, starting from the top of the reactor (100) to program a 
temperature, at the first coil (120), of substantially 200''C, a 

15 temperature of substantially 450-500°C at tiie third coil (123) and 
an intermediate temperature for the second coil (121), so that the 
plastic material put in by a special feeding device (130) through the 
top of the first chamber (101) is transformed in said chamber into a 
liquid state and, passing into the lower chamber (102) is there 

20 transformed into gaseous hydrocarbons which, through special 
devices (136) placed at said lower chamber and through said 
tubular shaft (111), are discharged at an uppermost mouth (140) 
and from there are sent through a tube (141) to the catalyst (80) 
where the phenomena already described in daims 9 to 11 are 

25 sut>starTtially repeated, while the residual materials are continuously 
eliminated by a discharger (145) at the base of the lower chamber 
(102). 

13. Process for conversion of plastic material waste (44) into com- 
bustible hydrocarbons as in claims 2, 5 and 12, 

30 characterized in that pressure inside the reactors (11,60, 100) is 
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ambient pressure. 

14. Process for conversion of plastic material waste (44) in 
combustible hydrocarbons, as in claims 2, 5 and 12, 

characterized in that the reactors (11. 60, 100) may be heated, as 
5 the case requires, by gas, combustible oil, electromagnetic coils. 

15. Plant (10, 100) for executing the process described in claims 1 
to 14. 

16. Plant (10, 100) as in claim 15. 

characterized in that operation may be verticai, horizontai or a 
10 certain angle as required. 
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